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1.0 OVERVIEW

Forthy-three days after T10, Cassini returns to Titan for the twelth targeted flyby
of Titan on Monday, February 27, 2006 at 2006-058T08:25:19 Ground UTC and
02:48am PST.

Cassini’s closest approach to Saturn’s largest satellite is at an altitude of 1813 km
(1126 miles) above the surface at a speed of 6.0 kilometers per second (13,200
mph).
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This encounter is set up with two maneuvers: an apoapsis maneuver scheduled
for February 5%, and a Titan approach maneuver, scheduled for February 23rd.
Titan-11 is an outbound flyby, with Saturn periapsis occurring about two before
closest-approach, on February 25th. The Navigation team expects to deliver the
orbiter to within 30 km of the target altitude at a confidence of 99% (three sigma).

Titan-11 is Cassini’s twelth targeted satellite encounter. The first was Phoebe, on
June 11t at an altitude of 2000 km. The second was Titan A, on October 26th, at
an altitude of 1200 km and the third was Titan-B, on December 13t at an altitude
of 1200 km. The remaining flybys T3 through T10 are described in their
corresponding Mission Descriptions.



1.1

ABOUT TITAN

Titan is one of the primary scientific interests of the Cassini-Huygens mission.
Through observations by Earth based telescopes and the Voyager spacecraft,
Titan has been revealed to be an intriguing world both similar in nature to
Earth and unique among both satellites and terrestrial planets. The largest of
Saturn’s satellites, Titan is larger than the planets Mercury or Pluto. Titan is
the only satellite in the solar system with an appreciable atmosphere. Like
Earth’s atmosphere, Titan’s atmosphere is composed mostly of Nitrogen, yet
appears to have few clouds. However, it also contains significant quantities of
aerosols and organic compounds (hydrocarbons), including methane and
ethane. Although Titan’s thick smoggy atmosphere masks its surface,
scientists have speculated Titan’s surface could contain solid, liquid and
muddy material creating features such as lakes, seas, or rivers. Additionally
liquid reservoirs may exist beneath the surface forming geysers or volcanoes
that feed flowing liquid onto the surface.

Titan’s peak surface temperature is about 95 Kelvin, too cold for liquid water,
and due to its thick atmosphere, the pressure at the surface is 1.6 times
greater than Earth’s atmosphere. At this temperature and pressure, chemicals
such as methane, ethane, propane, ammonia, water-ice and acetylene may be
involved in complex interior-surface-atmosphere chemical cycles resulting in
eruptions, condensation and precipitation (or rain). Initial observations
obtained by Cassini during the first several passes of Titan provided our first
close up views of Titan in wavelengths ranging from visible light to infrared
to radar. The Huygens probe successfully returned atmospheric data and
images of the surface, providing ground truth for the Cassini Orbiter
measurements. The results show a mysterious world even more complex than
previously thought. The diversity of surface composition and its connection
to Titan’s geologic features remains a fundamental question. Huygens’ results
indicate that methane exits as a liquid just below the surface and may rain
from the atmosphere periodically. Clouds in Titan’s atmosphere were
observed in the southern hemisphere, yet no clear explanation has emerged
on what the clouds are composed of, or why more clouds do not exist.
Observations of Titan’s interaction with Saturn’s magnetosphere indicate the
presence of complex processes complicated by Titan’s occasional emergence
out of Saturn’s magnetosphere into the solar wind



1.2 TITAN-11 SCIENCE ACTIVITIES

Imaging Science Subsystem (ISS) - will perform a global-scale mosaic of the sub-Saturnian
hemisphere: covering the equatorial region from Fensal/Quivira/ Aztlan to Aaru, and Tsegihi in
the south. ISS also has a mosaic that ranges from the regional scale to high resolution and
includes the southern part of Aztlan, the eastern part of Shiwanni Virgae, and Elba Facula. The
closer mosaic will have pixel scales ~600-350 m.

Composite Infrared Spectrometer (CIRS) -will obtain information on trace constituents in
Titan's stratosphere. Integrate on limb at two positions POINTING: Obtain information on CO,
HCN, CH4. Integrate on disk at airmass 1.5-2.0. POINTING: -y to Titan, x away from sun..

Ultraviolet Imaging Spectrometer (UVIS) - will perform a global spectral map to study aerosol
scattering and hydrocarbon absorption and distribution. This will also be UVIS’ first solar
occultation. With the solar occultation UVIS can observe the extreme ultraviolet (EUV) spectrum
below 110 nm and can sample opacity from nitrogen and methane and possibly some other
hydrocarbons.

Visible and Infrared Mapping Spectrometer (VIMS) - will obtain new high resolution images
that will help understand Titan's geology and the fate of CH4.

Magnetometer (MAG) - will take advantage of this encounter being upstream of the

Titan/ magnetospheric interaction. The spacecraft will fly through Titan’s middle ionosphere.
Together with the T8 and T6 flybys, T11 will allow MAG to reconstruct the upstream equatorial
ionospheric pile-up region.

Magnetospheric Imaging Instrument (MIMI) - will investigate micro-scale and near aspects of
the Titan interaction by observing during about one hour period around an encounter. With -Y
pointed toward Titan, when within 30 minutes of the targeted flyby, optimize secondary axis for
co-rotation flow as close to the S/C -X, +/- Z plane as works with the other constraints on
pointing. Also, measure Titan exosphere/magnetosphere interaction by imaging in ENA with
INCA (when sun is not in INCA FOV).

Ion and Neutral Mass Spectrometer (INMS) - will obtain data regarding Titan’s atmospheric
and ionospheric composition and thermal structure. INMS will also observe the
magnetospheric/ionospheric interaction.

Radio and Plasma Wave Spectrometer (RPWS) - will study the interaction of the
magnetosphere with Titan at intermediate distances for evidence of ion pickup, radio emissions,
density profiles, and the general wave environment.

Radio Science (RSS) - will perform two Gravity Science Enhancement (GSE) passes occurring
after the flyby in order to answer the question of whether Titan possesses an internal ocean. The
GSE passes are crucial to de-correlate Titan's GM from the distance at closest approach.



1.3 TITAN-11 SEQUENCE OF EVENTS AND SAMPLE SNAPSHOTS

Three views of Titan from Cassini before, during, and after closest approach to
Titan are shown below. The views are oriented such that the direction towards
the top of the page is aligned with the Titan North Pole. Sample remote sensing
instrument fields of view are drawn assuming that Cassini is pointed towards
the center of Titan. The size of these fields of view vary as a function of the
distance between Cassini and Titan. A key for use in identifying these
instruments fields of view in the figures is listed below.

Key to Instrument Fields of View in Figures

Instrument Field of View Depiction in Figure

ISS WAC (imaging wide angle camera) | Largest square

VIMS (visual and infrared mapping Next largest pink square
spectrometer)

ISS NAC (imaging narrow angle camera) | Smallest green square

CIRS (composite infrared spectrometer) | Small red circle near ISS_ NAC FOV
- Focal Plane 1

UVIS (ultraviolet imaging spectrometer) | Vertical purple rectangle centered within
largest square
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Titan Timeline and Geomtery Table

Cassini Titan-11 Timeline - February 2006

Colors: yellow = maneuvers, blue =
geometry; pink = T11-related; green =
data playbacks

Orbiter UTC

Ground UTC

Pacific Time

Time wrt T11

Activity

Description

Start of Seguence which contains

027 T04:0%: 00 Jan 27 05:11 Wed Jan Z6 0%9:11 PM T11-31d04h [Start of Segquence 315 S P——
Febh 24 01:534 Wed Febh E3 05:34 PM T11-03d05h (OTHM #52 Frime Titan-11 minus 3 day targeting
O055T00: 26: 00 WManeuver
055T16:05: 00 Feb 24 17:13 Thu Feb 24 09:13 AM T11-02d16h |OTHM #52 Eackup
057TO9:06: 00 Febh 26 10:14 Sat Feb Z6 0z:14 AM T11-23h159m [Start of the TOST Segment
OS7TO9:06: 00 Fekb 26 10:14 Sat Feb 26 02:14 AM T1l1-23hl19m |[Turn csmeras to Titan
Febh 26 10:44 Sat Feb Z6 0Z:44 LM Tll-22Z2h49m (Deadtime 19 minmutes long/ useg Ea
O57T0O9: 36: 00 accommodate changes in flyby time
Several slow wocans across Titan's
Feh 26 11:03 Sat Feh 26 03:03 AM T11-2Zh30m [Titan Global HMap wi=zible hemis=phere to form spectral

057T09:55:19

images

058TO01:25:19

T11-07h00m

Turn to Earth-Line

O058T0O1:55:19
0 01:!

058T03:55:19

T11-06h30m

T11-04h30m

R33 Gravity Pass

Turn cameras to Titan

058TO4: 25:19

T11-04h00m

Titan surface ohservations

058TOG6:55:19

T11-01h30m

Turn to Earth-Line

058707

058T08:25:19

Febh 27 09:33

Febh 27 01:33

T11-01h00rm

T11+00h00m

R3S Gravity FPass

Titan-11 Flyby Closest Approach
Time

Altitude = 1813 km (1,126 miles) ,
speed = 5.9 kmfs (13,198 mph):; low
phase inbound, 92 deg phase at
oclosest approach, high phase
outhbound

NE8T12:55: 19 Feb 27 14:03 O0g:03 AM T114+04h30m [Turn cameras Lo Titan
Several =slow wocans across Titan's
Feb 27 14:33 Sun Febh 27 06:33 AM T11+05h00m wi=ible hemisphere to form spectral
O58T13:25:19 Titan surface obserwvations images
Examine trace constituents in
OEET16:55: 10 Feh 27 15:03 Sun Felh 27 10:03 AM T11+05h3 0Om T bem ctmosHieTis chesEwetions Titan's stratosphere.
. 15 minutes long; used to
Fekbh 27 2ZZ2:43 Sun Febh 27 02:43 PM T1l1l+13hl0m |(Deadtime B
O058T21:35:19 accommodate changes in flyby time
O58T21:51: 00 Febh &7 ZZ:59 Sun FM T1l1l+153hZ 6m |[Turn to Earth-Line

Sun

Mon

Feh &7 0zZ:59

T11+13h
T1i1+01d00h

Eegin Play ok of Tlil T

End FPlayback of T11

Fer=23.3d, inc =0.4 deg, r=458.4 Rs, phase

TAETEER S Mar 02 04:42 Tue Mar 08 0S5:42 PM TIL+OSA1S0 | o i poapae = 122 deg
WL T (mins) £68.8
CiA Time Sun Feb 27 01:33 AM
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B. Titan-11 Geomtery Table

Event Name: T11_21T1, Targsied Titan, Oulbound. 053505 5PK: Table Creaflon Dals [YYMMDD) 050712
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Tims Only uTc =1 Epoch| Epoch [xm) [deg) | MData | (kmis) fumis) Valocity jmrad) | Angle | (deg) Body B0 SMEGEM
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200505TT12251980 | J6-Feb 6 | 122624 20 -f3o0] 414.8081] 4120339 :g =0l eX7 £3e 0108 124 189 €190 1203 18 41
200805774 25010.00 | 26-Feb-DS | 142624 18] -1080) 360.7848] 3672000 0 S0 613 613 01 139 18.1] 1813 1203 181 2.2
2006-057T 1625 15.60 | 2o-Feb-Do | 16:26-34 -16] 960 3262373] 236530 ool  -i0] 5SWS] 50T 043 156 184) 16135 1203]  -18.1 4.3
200E-057T1625:15.60 | J6-Feb-0o | 1526324 14l 940 2837006| 2611256 20 11]  G547] -Sadd 0143 g2 181] 1618 1201]  -18.1 1.6
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vy e U S T L -0 00| J0edny| T3 T I I Y 1 ) 5| O 5 O = G | & 53
200E-053TO0 251660 | 27-Feb-D5 | D064 6] -4B0] 160.3800] 157 E1S0 (T 77| Eee -5% 0154 321 81 1818 1186 -8 72
2005-053TO2 251600 | 27-reb-D6 | 022624 6] -360] 120.7850] 1176200 o0 03[ 566 5563 02 428 8] 1818 1155 1A a1
EAEA0 | T-Fenla | Waded B[ 30 oneed|  Gyerid I TT6|  boed| bhdo| (06d 0 5| O 5 O = G | & ol
= 51880 | 27-Feb-D5 | D424 Al -oa] B024SE]  TTEVOE 0 132] SS4E] & 3 [T 1821 1518 118 181 11
2005059TDE251980 | 27-Feb-06 | DS2624 - 180 B0.3S| 577888 0 152 SS43] S5 0431 B54] B4 1E15]  11.26] 181 1.9
AT 2 1500 | rFepls | DEJEd O I T A g B3 Teen) Eoiy DEW| 1A 1ROl TEId o 153 Tz
SD0E-DCATET IS 1200 | I7-Feb-0d | 072624 -1 0 208226l 181176 : ] -SAdd) 1244 433 o 1562 11.42)  -18.1 13.8
200E-050T07-55:19.60 | 27-Feb-D6 | 075624 -1 -0 110718 8,429 0Ol 375 5651 5150y 2305 24) 204] 1506 1025 -18.1 1a.2
b [ Tetlg | meiiaA 1 = [ Arok 41520 U W0 nodAg & Toes ] T e -1l 1:.5'
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&L L1504 - A = i = ol , 3= = . .2 = .= = = = =1 =14, =,
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[2E1580 | Ji-Febbe | J0Jead 13 70| Zenyeds| Z38 3198 T ST ) T T %] =Y 5 | S LK Al
200e-JoaT 22251800 | 27-reb-Do | 2264 14| 840 2914374| ZiaEard i T 185 i3] 167 Z5a0f  -18.1 il
EISH0 | JeFerlo | D06 TE| g0 37 3iad] 319,148 I SR T TED[ ei3]  jey|  Z5e0] 181 i
2005-D5ATO0 25 1680 | JE-Feb-D5 | 022694 18] 1080] 3634T11] 3608951 0Ol -1437] 5738 182 i3] eE] A  -181 316
200E-05ATO4 25 1680 | 26-Feb-DF | (42624 20| 1200] 4D4.9013] 4023262 o I 127 614] 185 2381 1A 35|
TETATOE 2 1500 | Jerebbs | Deded 20| AW ISEEIOE| EES TSR OO TS SEen 1oL -1 - LN 32
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021TI1 (T11) Playback Timeline

Created Feb. 2, 2006

LSBT LU Record | start Playback (Ground UTC) Start Playback (Pacific Time)
Record Start Time | Start Time
(Yyvy- =
Observation Type dddThh:mm:ss) |Reference Latest Latest

Event or Observation {APGEMN) {SCET) Epoch Best Estimate Estimate Best Estimate Estimate
MAG_ 02107 SURYEYO11 _RIDER MAG_1976 Z005-057T09:06:00|-00T23:19 |27-Feb Mon 03209 AMon 03209 ANZ2E6-Feb Sun 07:08 PlSun 0709 PR,
RPwWW= n215A INSURWVEYDDT FPRIM EPWS 30965 ZO0B-057TO9: 06 00|-00T23:19 |27 -Feb Mon 0309 AMMon 0309 ANZE-Feb Sun 0709 PlSun 0709 Fh
CIRS 02171 FIRMNADCKEPOD2 VIS |CIRS 4000 2005-057VTO9:55:19|-00T22:20 [27-Feb Mon 03:13 Alon 03:19 ANZE-Feb Sun 07138 P[Sun 0719 P

ISS_021TI_GLOBMAPOO1_VIMS
YIS 0217 MEDRESOO1 VIMNMS

ISS_Phot_1_by_1

LIS 5032

2006-057T09:55:1€

00T22:30

20065-057T09:55:19(-00T22:30

27-Feb Mon 03:18 .

27-Feb Mon 03:18 Alon 03:19 A

Mon 03:19 A

26-Feb Sun 0718 P

26-Feb Sun 07:18 F

Sun07:19 P

VIMS_021TI_GLOBMAPOO1_PRIME
CDhA_0Z1DR_12300DUST152 RIDER

VIMS_18432
CDA_524

2006-057T09:.55:1€
Z2006-057T10:02:09

-00T22:30
-00T22:22

27-Feb Mon 03:18 .
27 -Feb MWon 03:22 A

Mon 03:19 A
Mon 03:25 A

26-Feb Sun 07:18 F
26-Feb Sun O7:22 P

CDa 0Z21RI1 1400RINGMOZ0 RIDER

cCDa 524

2008-057T13:17:30

-00T19:.07

27-Feb Mon 0841 A

Fon 11:12 A

27-Feb Mon 1241 A

ton 0212 AR

CDhA_0210DR_15000DUST153 RIDER

ChA_524

20068-057T15:18:30

-00T17:06

27-Feb Mon 11:36 A

Mon 1148 P

27-Feb Mon 03:36 A

Mon 02348 P

FEWYS _0215A OUTSURNEYD1A _FH

FEWWS 30464

2006-057T15:40:00

-00T16:45

27-Feb MMon 12:08 H

Mon 11:54 P

27-Feb Mon 0408 A

Mon 03254 P

CDa 021RI1 1S00RINGMODZ2Z2 RIDER

cDa 524

2006-057T18:47.16

-00T13:38

27-Feb Mon 11:55 H

Tue 12:36 A

27-Feb Mon 0355 P

ron 0436 P

INMS_0Z21TI_T11INBDOO1_CAFPS

INMS_ 1498

2006-057T20:41:54

00T11:43

28-Feb Tue 12:13 4

Tue 12:58 Al

27-Feb Mon 04:13 K

Mon 04:58 Ph

ChA_0210DR_A700DUST154 RIDER

ChA_524

2006-057T20:48.16

-00T11:37

28-Feb Tue 12:14 A

Tue 12:59 A

27-Feb Mon 04:14 P

Mon 0459 P

CIRS 02171 FIRMNADODS 1SS
ISS_021TI_GLOBMAPNAOO1_PRIMI
LVIS 02171 MOMNITORMNACDT 1SS
VIMS_021TI_GLOBALMAPOO1_ISS
RSS_021TI_THERMALOQO1_RSS

ClRS 4000
ISS_Phot_1_by_1

LWVIS 5032

VIMS_18432
RSS_Activity

Z005-057T22:25:.19
2006 057T22:25:1E

2006 067T22:26:1¢
2006-057T23:25:19

-20T10:00
00T10:00

2006-057T22:25:19)|-00T10:00

00T10:00
£00T09:00

23-Feb Tue 12:28 A
28-Feb Tue 12:28 £

28B-Feb Tue 12:28 £
28-Feb Tue 12:59 4

28-Feb Tue 12:28 A|Tue 01:18 A

Tue 01:13 A
Tue 01:18 AP

Tue 01:18 Al
Tue 01:59 Al

27-Feb MMon 04:28 P

27-Feb Mon 0428 P
27-Feb Mon 04:28 F

27-Feb Mon 04:28 F
27-Feb Mon 04:59 K

Mon D518 P
Mon 05:18 P
Mon 0515 P

Mon 05:52 Ph

CDa 0Z21RI1 1800RIMNGMOTS RIDER

cCDa 524

2006-058T00:35:03

-00TOY S0

28-Feb Tue 01:25 A

Tue 02:32 A

27-Feb Mon 0525 P

ron 0632 P

RSS_021TI_GRAWVITY001_PRIME

RSS_Activity

2006-058T01:25:14

00TO7:00

28-Feb Tue 01:39 4

Tue 05:53 Al

27-Feb Mon 05:39 H

Mon 02:53 Ph

WIS 0215wy IPHSURNYEYOD31 RIDEH

Uvils 5032

2006-058T01:55:19

-00TOE:230

28-Feb Tues 01:40 A

Tue 02041 A

27-Feb Mon 0540 P

Mon 0641 Phv

ChA O21DR _1200DUST118 RIDER
VIMS_021TI_GLOBALMAPOD2_ISS
CIRS 0217 FIRMNADOD4 1SS
ISS_021TI_REGMAPNAOO1_PRIME
MAG 0217 MAGTITAMNOODT PRINME

CDA 524
VIMS_18432

ClRS 4000

ISS_Phot_1_by_1
MAG 1976

Z0065-058T02:36:03
2006-058T03:55:1&

2006-068T04:26:1€
2006-058T04:25:19

-00TOS: 49
00T04:30

Z2O06-058T0A4:25:12)-00T04:00

-00T04:00
-00T04:.00

28-Feb Tuse 01:42 A
28-Feb Tue 01:45 £
28-Feb Tue 01:46 £
28-Feb Tus 0146 A

Tue 02:43 A
Tue 02:47 Al
Tue 02:49 Al
Tue 0249 A

27-Feb hMon 0546 P

Z27-Feb Mon 0542 P
27-Feb Mon 05:45 F

27-Feb Mon 05:46 F
27-Feb MMon 0546 P

Mon 06 43 FIv

Mon 06:47 P
Mon 06 49 Phv
Mon 06:49 P
hon 069 P

WIS 02971 FMOMNITORMADDZ 1SS

Uvils 5032

2006-058T04:25:19

-00TO4:00

28-Feb Tus 01:46 A

Tue 02049 A

27-Feb Mon 0546 P

MMon 0649 P

RSS_0Z21TI_THERMALOOZ _RSS

RSS_Activity

2006-058T04:55:19

00T03:30

28-Feb Tue 02:01 4

Tue 05:55 Al

27-Feb Mon 06:01 H

Mon 02:55 Ph

CAPS_0Z21T71_T11MBERNDOO1_FRIME |CAFPS_16000 Z2006-058TOG 20044 (-00TOZ2:04 | 28-Feb Tue 02:42 Al Tue 06:42 Al Z7-Feb Mon 0642 P|Mon 10:42 P
CIRS 0217l FIRMNADOODS 1SS CIRS 4000 2006-058TO6:25:.19|-00TOZ2:00 [28-Feb Tue 02:44 Al Tue D645 AMIT-Feb Mon 0644 FPihon 10:45 P
MIMI_O21TI_T11INBNDOO1_CAPS | MIMI_8000 2006-058T06:25:19-00T02:00 |28-Feb Tue 02:44 4Tue 06:45 AN27-Feb Mon 06:44 fMon 10:45 Ph

RPWWS 0217 TINTRMEDOO1T PRIMNME

EPWWS 30464

2005-058T06: 2519

-00TOZ2:00

28-Feb Tue 0244 A

Tue 0645 A

27-Feb MMon 0644 P

MAon 1045 Phv

RSS_021TI_GRAVITYO0Z_FPRIME

RSS_Activity

2006-058T06:55:19

00T01:30

28-Feb Tue 03:02 4

Tue 07:05 Al

27-Feb Mon O7:02 H

Mon 11:05 Ph

CAPS 02171 _T11CLOSEQOT PRIME

CAPS 16000

2006-058T07:25:19

-00TO1:00

28-Feb Tus 03:05 A

Tue D3:05 A

27-Feb Mon 07:05 P

MMon 0705 P

INMS_O0Z21TI_T11CLOSEQO1_CAPS

INMS_ 1498

2006-058TO07:25:1¢

00T01:00

28-Feb Tue 03:05 A

Tue 03:05 Al

27-Feb Mon O7:05 H

Mon 07:05 PI

MIMI_OZ21TI_T11CLOSEQOO1_CAFPS

MIMI_8000

2006-058T07:25:19

00T01:00

28-Feb Tue 03:05 4

Tue 03:05 Al

27-Feb Mon O7:05 H

Mon 07:05 Ph

REWYS 0217 _TICADDT _FRIMIE

REEWVS_ 182784

Z2006-058T07:55:19

-00TO0:20

28-Feb Tue 0212 A

Tue D213 A

27-Feb Mon 0712 P

Mon 0713 B

RPWS 0217 TINTRMEDOOZ PRINE

REWWS 30454

2006-058TOS: 5518

00TO0: 29

28-Feb Tuse 03:59 A

Tue 0406 A

27-Feb hMon 0759 P
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